Objectives. Epidemiological studies from the United States of America and from
terizes the situation with sepsis in Latin America.
Definition of sepsis
Over the last three decades the syndrome now commonly referred to as sepsis has alternately been called septicemia (2) , sepsis syndrome (3), and simply sepsis. One definition of sepsis was described jointly with the closely related concept of systemic inflammatory response syndrome (SIRS) (4) . SIRS is considered present when patients show more than one of the following four clinical characteristics: (1) body temperature > 38 °C or < 36 °C; (2) heart rate > 90 beats/min; (3) hyperventilation, evidenced by a respiratory rate > 20 breaths/min or PaCO 2 < 32 mmHg; and (4) white blood cell count > 12 000 cells/μL or < 4 000 cells/μL or with > 10% immature forms.
A statement from a 1991 consensus conference of the American College of Chest Physicians and the Society of Critical Care Medicine hypothesized that sepsis is a systemic response to infection (4) . Infection, in turn, was defined as a process whereby pathogenic or potentially pathogenic microorganisms invade normally sterile tissues, fluids, or body cavities. According to this definition, a diagnosis of sepsis requires the presence of both infection (usually caused by bacteria) and SIRS. Following the same model, sepsis with signs of organ dysfunction would be characterized as severe sepsis, and sepsis with acute circulatory failure would be defined as septic shock (4) .
However, as various reports (5-7) have indicated, despite the fact that the SIRS definition states that a systemic inflammatory response can be triggered by a variety of conditions, this combination of criteria is neither specific nor sufficiently sensitive to be useful in clinical practice. It now seems clear that even though no epidemiological evidence exists to support a change in the syndrome's definition, the list of signs and symptoms of sepsis should be expanded to reflect clinical bedside experience. According to the last International Sepsis Definitions Conference, which was held in 2001, a diagnosis of sepsis should be considered in the presence of a documented or suspected infection concurrent with markers of general illness, inflammation, hemodynamic disturbance, organ dysfunction, or tissue perfusion abnormalities (Table 1) (8) .
Notwithstanding the lack of conclusive criteria for sepsis, the definitions of severe sepsis (sepsis complicated by organ dysfunction) and septic shock (systolic blood pressure below 90 mmHg, or a reduction of > 40 mmHg from baseline despite adequate volume resuscitation) remain undisputed. In fact, most studies concerning the epidemiology of sepsis, as well as virtually all recent clinical trials for new therapies, have focused on these two study populations. Unfortunately, this simple classification and range of definitions have strong limitations for precise characterization of sepsis, and mainly for the early staging of patients. Therefore, on the basis of ideas that arose in October 2000 at the Fifth Toronto Sepsis Roundtable (9), the 2001 International Sepsis Definitions Conference proposed a classification scheme called "PIRO" (8) . The PIRO staging system proposes to stratify patients based on their predisposition (P), the type and extent of the infection (I), the nature and magnitude of the host response (R), and the degree of associated organ dysfunction (O). However, comprehensive evaluation and further improvements on the PIRO approach are needed.
The magnitude of the sepsis problem in the United States
The first relevant general public disclosure of the magnitude of the sepsis problem in United States came from the Centers for Disease Control and Prevention (CDC) in 1990, in a comparison of hospital discharge rates for septicemia from 1979 through 1987 (10). The data were obtained from the National Hospital Discharge Survey of the CDC's National Center for Health Statistics. The report used the discharge diagnosis of septicemia ("systemic disease associated with the presence and persistence of pathogenic microorganisms or their toxins in the blood") of the International Classification of Diseases, Ninth Revision, Clin- The most comprehensive study on the clinical significance of the early stages of septic syndrome appeared in 1995 (11) . The study assessed the incidence of SIRS, sepsis, severe sepsis, and septic shock among 3 708 patients admitted during a nine-month period to three intensive care units (ICUs) and three wards of a 900-bed teaching hospital in the state of Iowa, in the United States. The study found that 68% of the patients met at least two criteria for SIRS at some point during their hospital stay. Of those patients with SIRS, 26% developed microbiologically confirmed sepsis, 18% developed severe sepsis, and 4% developed septic shock. Positive blood cultures were found in 16.5%, 25.4%, and 69.0% of the samples drawn from patients with sepsis, severe sepsis, and septic shock, respectively. A noteworthy finding was that fewer than 50% of the episodes overall were microbiologically documented. This proportion ranged from 42% for patients who only met the criteria for SIRS to 57% for patients with septic shock. Since clinical suspicion of infection was enough to initiate antibiotic treatment, the precise cause of the systemic inflammatory response in these culturenegative populations is unknown. However, they had morbidity and mortality rates that were similar to those of the corresponding culturepositive populations (11) .
Clearly, these definitions are selfcontained, since severe sepsis includes sepsis, and, in turn, sepsis includes SIRS. Therefore, only in a tautological sense might we consider that there is a true continuum through different stages of an inflammatory response, from SIRS to septic shock. Indeed, in the same Iowa study (11) , among 649 patients with sepsis, only 285 of them (44%) had earlier met at least two criteria for SIRS. Among those who met the criteria for severe sepsis (cultureproven; n = 467), 58% of them (n = 271) had been previously classified as being afflicted with sepsis or SIRS. On the other hand, among those with two SIRS criteria, 32% developed sepsis by day 14, and for those with three SIRS criteria, 36% developed sepsis by day 14. Forty-five percent (n = 439) of the 975 subjects with four criteria developed sepsis between days 14 and 21. Thus, even without a categorical progression, a close relationship clearly exists between clinical stages reflecting some degree of systemic inflammation and the presence of infection. Whether infection is confirmed or is clinically suspected, the outcomes seem similar in terms of mortality and most organ dysfunctions, within each corresponding stage.
In 1997, Sands et al. (12) evaluated the incidence of sepsis syndrome in both the ICU and ward populations at eight academic tertiary-care medical centers in the United States (12) . Each center monitored a weighted random sample of ICU patients and of non-ICU patients who had blood cultures drawn during a 15-month period. Sepsis syndrome was defined as the presence of either a positive blood culture or the combination of fever, tachypnea, tachycardia, clinically suspected infection, and any one of seven confirmatory criteria, all of them related to organ dysfunction. In total, 12 759 patients were monitored, and 1 342 episodes of sepsis syndrome were documented. The extrapolated, weighted estimate of hospitalwide incidence (mean ± 95% confidence limit) of sepsis syndrome was 2.0 ± 0.16 cases per 100 admissions. Among the centers the unadjusted attack rate for sepsis syndrome ranged from 1.1 to 3.3 cases per 100 admissions. Patients in ICUs accounted for 59% of total extrapolated cases, non-ICU patients with positive blood cultures for 11%, and non-ICU patients with negative blood cultures for 30%. Septic shock was present at the onset of the sepsis syndrome in 25% of patients. Bloodstream infection was documented in 28% of patients, and the total 28-day mortality was 34%.
The most compelling evidence of systemic infection is bacteremia. For this reason, some evaluations of the incidence of sepsis have focused on bacteremia. Furthermore, requesting blood cultures, as in the study of Sands et al. (12) mentioned above, is considered a proxy for clinical sepsis. Although clinically appealing, this last "surrogate marker" is not reproducible enough, and it should be viewed with caution. There are patients with potential infection who may not have a blood culture performed, and other patients without infection who have cultures requested inappropriately. Furthermore, since patients with comorbidities often are suspected of being at increased risk for infection, clinicians may have a lower threshold for requesting blood cultures in these patients. Therefore, any analysis about these cases should take into account the real denominator of population at risk. Nevertheless, positive blood cultures clearly identify infected individuals at higher risk of mortality, and appropriate inferences may be derived from this population.
Despite using somewhat different definitions, two recent reports have added important information regarding the epidemiology of sepsis in the United States in the last 20 years (13, 14) . Based on hospital discharge records for 1995 for seven large states in the United States, Angus et al. (13) estimated that for the United States as a whole there were 3.0 cases of severe sepsis per 1 000 population, and 2.26 cases per 100 hospital discharges. Of the some 751 000 severe sepsis cases in the study, almost 70% of them (513 000) received intensive care. The estimated mortality rate was 28.6%, or a total of 215 000 deaths nationally, and the average cost per case was US$ 22 100, with a total annual cost of US$ 16.7 billion. Using a more restrictive definition that included only a few codes from the ICD-9-CM and working with data from the National Hospital Discharge Survey, Martin et al. (14) found an increase in the incidence of sepsis, from 82.7 cases per 100 000 population in 1979 to 240.4 per 100 000 population in 2000. This represents an annualized increase of 8.7% in the incidence. The authors also described a decline in the overall in-hospital mortality rate, from 27.8% during the 1979-1984 period to 17.9% during the 1995-2000 period, even though the total number of deaths continued to increase.
The results from Angus et al. (13), Martin et al. (14) , and the CDC (10) may be limited by the quality of the state and National Hospital Discharge Survey databases, and by the inability to audit their data. Moreover, the accuracy of the ICD-9-CM coding for the identification of specific medical conditions, and sepsis in particular, remains controversial (15) . Administrative data sets have become essential resources for epidemiological investigations in which the prospective identification of patients is difficult or not feasible. However, strict reliance on such data sets for sepsis surveillance or research planning may produce substantial error.
The magnitude of the sepsis problem in Europe
In Europe the first hospitalwide epidemiologic study on bacteremia and sepsis was a French multicenter one, conducted in 1993 in 24 public or public-affiliated hospitals (16, 17) . The authors performed a two-month prospective survey of 85 750 admissions to adult wards and ICUs, and they found an overall incidence rate of bacteremia of 9.8 per 1 000 admissions (16). The bacteremia incidence rate in the ICUs (69/1 000) was more than eight times as high as the rate in the wards (8.2/1 000) (17) . Of the 842 bacteremic episodes detected, 63% occurred in medical wards, 19% in ICUs, and 18% in surgical wards (16) . Extrapolating these results to all of France would give a figure of approximately 67 500 bacteremic episodes per year (17, 18) . Of note, nearly half of the bacteremic episodes were of nosocomial origin (16) . Although ICU patients were at much higher risk of severe sepsis than were ward patients, bacteremic severe sepsis was proportionally less often encountered in ICU patients than in non-ICU patients (16, 17) . This suggests that there is an important subset of patients who have overwhelming infections, besides the patients in ICUs, which traditionally have been considered the natural setting for sepsis (19) .
Despite the broad distribution of sepsis and severe bacterial infections among hospitalized patients, all the recent studies outside the United States have only considered patients admitted to ICUs (20) (21) (22) (23) (24) . Whether on prospective cohorts (20, 23, 24) or with administrative databases (21, 22) , all of the studies but one (20) have focused on severe sepsis or septic shock (Table 2. ).
The wide range of incidence and mortality rates found in the studies mentioned above reflects different definitions of outcome measures as well as differences in data collection procedures or methodological approaches. Three of these studies provide some understanding of time trends (21-23). (16, 17) . From the information presented above, it is clear that sepsis is a common and frequently fatal condition in developed countries. Dealing with it involves spending considerable funds and other resources. While the overall mortality rate among patients with sepsis is declining, the incidence and the number of sepsis-related deaths have increased substantially over the past two decades.
Developing countries are different from developed nations in many ways. For example, Latin American countries differ substantially from the United States and from European nations in terms of ethnic background, cultural heritage, health services, and clinical research. These differences highlight the importance of exploring sepsis in Latin America from an epidemiological and clinical point of view. The objective of the rest of this paper is to provide a systematic review of the situation surrounding sepsis in Latin America.
MATERIAL AND METHODS
To begin the review of the sepsis situation in Latin America, the first step was to search bibliographic databases for possibly relevant articles. Three databases were used: PubMed (National Library of Medicine of the United States), EMBASE (Excerpta Medica (http:// www.embase.com)), and LILACS (Literatura Latino-Americana e do Caribe em Ciências da Saúde, of the Latin American and Caribbean Center on Health Sciences Information, in São Paulo, Brazil (http://www.bireme.br)). Different combinations with the search terms "sepsis," "septicemia," "bacteremia," "sepsis syndrome," "epidemiology," "incidence," and "prevalence" were employed. For PubMed and EMBASE, the search strategy additionally included the terms "Latin America," "South America," and "Central America," or restriction to items in Spanish or Portuguese. The database searching produced more than 1 000 potentially related articles, most of them from LILACS. The next stage of the screening involved a detailed review of more than 600 selected abstracts. Articles were retained based on their appropriateness and relevance, with no restrictions on design, sample size, year(s) in which the study was done, year of publication, or journal that published the study.
RESULTS AND DISCUSSION
The process of searching the databases, locating relevant titles, and screening the abstracts yielded 20 articles, which had been published between 1990 and 2004 (5, (25) (26) (27) (28) (29) (30) (31) (32) (33) (34) (35) (36) (37) (38) (39) (40) (41) (42) (43) . There was a noticeably large number of highquality papers regarding neonatal sepsis and severe infections in pediatric populations in Latin America. For adult patients, however, the number and scope of the investigations was more limited. Additionally, for one article only the abstract could be obtained (25) , and 7 out of the remaining 19 articles (26, 28, 29, 34, 38, 40, 41) analyzed sepsis as a secondary outcome from a wide definition of nosocomial infections ( Table 3 ).
The studies described in the 20 selected articles were extremely heterogeneous in design, population, sample size, end points, and follow-up. Furthermore, the fundamental challenge of lack of consensus on the clinical definition of sepsis seems to be more critical in Latin American literature. Therefore, it is impossible to infer any overall estimate of the magnitude of the problem in Latin America. Moreover, some data suggest that in terms of frequency and mortality, the situation with sepsis and severe systemic infections in Latin America may be even worse than in developed countries.
In an article published in 1990, Zanon et al. (25) used ICD-9-CM codes for septicemia at 10 hospitals in Brazil and estimated a mortality rate of 46% for community-acquired sepsis and of 58% for nosocomially acquired sepsis. In spite of potential underreporting, the incidence of bacteremia in these hospitals was roughly similar to estimates for France (16) . Studies performed in ICUs (27, 30, 33, 34, 39) between 1993 and 2001 found mortality rates ranging from 33.6% in a cross-sectional study by Ponce de León-Rosales et al. in Mexico (34) to 56% in a retrospective caseseries by Bilevicius et al. in Brazil (39). These figures are roughly similar to those reported for ICUs elsewhere around the world. However, all the Latin American studies but one (33) recruited a general population of sepsis patients, without restrictions as to organ dysfunction (i.e., severe sepsis) or septic shock. These patients with severe sepsis and/or septic shock have been the usual study populations for sepsis in developed nations (13, (22) (23) (24) . Therefore, a much higher mortality rate for the subset of those with severe sepsis is expected in Latin American countries. Two prospective cohort studies from Colombia (5, 35), in infected patients admitted to the emergency room with SIRS criteria, found a mortality rate ranging from 24% (35) to 31% (5), which increased to 40% for patients in the ICU or with a positive blood culture (36) . Assuming these cohorts correspond to a "less ill" population, the mortality rates are similar to the global estimates for sepsis. For a tertiary center in Mexico in 1989, Ponce de León et al. (28) found a rate of nosocomial bacteremia without an identified source (designated "primary bacteremia") of 25/1 000 discharges, with a mortality rate of 40%. This subset of primary bacteremia may represent less than 20% of the total affected population with bacteremia and/or sepsis (44, 45) ; hence, the real estimate for bacteremia or sepsis should be more than 100 cases per 1 000 discharges for this hospital. Jaimes et al. (31, 32) estimated that severe infections and/or bacteremia were the main causes for emergency admission in 7 out of 100 patients at a university hospital in Colombia. Similarly, in the same hospital, blood cultures were requested in 2 out of 10 in-patients at some time during their hospitalization (32, 43) .
Working with data from a referral center in Mexico, Sifuentes-Osornio et al. (37) developed the only study that gives some information on time trends. Those authors found an overall frequency of bacteremia of 18% among patients from whom a blood culture was requested. The crude mortality rate was 70% for nosocomially acquired bacteremia, and 30% for community-acquired bacteremia. The authors analyzed randomly selected samples of positive blood cultures for three different periods: from 1981 to 1984, from 1985 to 1988, and from 1989 to 1992. Surprisingly, the overall mortality rate showed a modest decrease for the three study periods, with it being 29.5%, 27.5%, and 27.0%, respectively. The authors pointed out that the mortality rate also remained almost the same whether the bacteremia was community-acquired or nosocomially acquired. Their findings contrast with the description of decreasing trends of mortality in the United States and Europe over the last two decades (14, (21) (22) (23) ).
An additional concern with the published literature on sepsis in Latin America is that only the study by Hernández et al. (33) had an average patient age higher than 50 years; that study had a population with a mean age of 61 years and a range of 18 to 87 years. All of the other study populations, whether in ICUs, general wards, or emergency rooms, had mean ages of 50 years or below. This contrasts sharply with the studies done in Europe and the United States, in which the mean age was 60 years or above (13, 14, 20, 22, 24) . Whatever the demographic or epidemiological explanation, it seems that Latin America doctors and health care systems are facing sepsis in a younger and probably "healthier" population, but with morbidity and mortality rates at least as high as those from developed countries.
Finally, in a cross-sectional study of 254 multidisciplinary ICUs throughout Mexico in 1995, Ponce de León-Rosales et al. (34) found a one-day point prevalence of 16% for sepsis and of 17% for severe sepsis or septic shock. For sepsis and other diseases with short duration and early mortality, prevalence studies may underestimate their frequency, and the studies do not provide a true estimate of risk.
Even so, these one-day point prevalence figures in Mexico are higher than those in corresponding prospective cohort studies performed in ICUs in Europe and Australia (23, 24, 46) . In summary, sepsis is a problem around the world, and the problem is growing. It produces a high burden of mortality and morbidity, and it consumes large amounts of resources. The results of this study suggest that in Latin America the clinical and epidemiological approaches to the problem have sometimes been inappropriate in terms of research design, study population, and clinical outcome. It is unlikely that in Latin America there is a lower incidence of sepsis or a better prognosis for the condition than there is in the developed countries of the world. Instead, it seems that the first two points of the action plan stated by the "Barcelona Declaration" (1) are especially needed in the countries of Latin America: (1) "Increase awareness of health care professionals, governments, health and funding agencies, and the public of the high frequency and mortality associated with sepsis" and (2) "Improve the early and accurate diagnosis of sepsis by developing a clear and clinically relevant definition of sepsis and disseminating it to our peers." Acknowledgements. I am indebted to Mónica Pineda and Diana Chalarca (Biblioteca Médica, Universidad de Antioquia) for technical and bibliographic support. I appreciate the helpful suggestions from Luis Gabriel Cuervo and the three anonymous referees.
